Abstract. The electrical property degradation of AlGaN/GaN MIS-HEMT, including degradation of output characteristics, a higher ON-resistance and a threshold voltage negative shift (~1.8V), is correlated with near-interface trap behaviours in SiN/AlGaN. These traps are quantitatively characterized using the transient capacitance measurement, from which we could estimate the near-interface trap densities in the SiN/AlGaN. Measurements reveal the trap density before step-stress with 1.404×10 15 cm -3 and an increased density of 1.709×10 15 cm -3 after step-stress. A hot electron injection model is used to discuss the relationship between trap behaviours and device reliability.
Introduction
AlGaN/GaN-based high electron mobility transistor (HEMT) is of great interest because of its outstanding performance under high power, high frequency and high-temperature conditions, which enables applications in the field of power grid, automobiles, wireless communication, etc. However, the reliability of device is still a problem that people take great concern [1] . The reliability problems, including current collapse [2] , threshold voltage shift [3] and an increase of the gate/drain leakage current [4] , are dominated primarily by the traps inside the device [5] . Thus, it is necessary to explore the relationship between trap behaviors and device reliability. Although many research groups have demonstrated several excellent methods for studying device degradation and reliability in AlGaN/GaN HEMTs such as low-frequency noise measurements [6] [7] [8] [9] , stress testing [10] [11] and deep-level optical spectroscopy (DLOS) [12] , few of them have quantitatively investigated the relationship between trap density and device reliability. In this work, we demonstrate the capability to quantitative analysis the change of trap density before and after applied electrical step-stress, a possible explanation of the trapping mechanism in the device is also proposed.
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The AlGaN/GaN MIS-HEMTs have been grown on a 6-inch GaN-on-Si substrate by metal organic chemical vapor deposition (MOCVD). The barrier layer is 22nm with the composition of 22% Al. The structure of the device is shown in Figure 1 (a) . The multi-fingered gate width 8.5mm of the periphery MIS-HEMT and the gate length is 2µm, the gate dielectric thickness is 35nm. The gate-drain distance (L GD ) is 10µm and the gate-source (L GS ) is 2µm. Applied electrical stress to the device could induce both temporary and permanent current collapse because of electron trapping in AlGaN/GaN HEMTs [13] . In this study, a negative bias of -15V (V G ) was applied to the gate electrode, and V D increased from 5V to 25V with a step of 5V to study the effect of electric stress induced trap in AlGaN/GaN MIS-HEMT. The test was performed in the dark at room temperature to avoid the stress recovery of device induced by illumination. Stressing was stopping at each 30-minute and DC characterizations were measured. A step-stress protocol is shown in Figure 1 (b).
Transient capacitance method was used to study the trapping behaviours. Source and drain terminals were grounded while a pulse (Figure 1 (c) ) was applied to the gate before the transient capacitance measurement. When the pulse voltage was up to 3V, a corresponding increase was in the depletion capacitance. The traps were filled with electrons from the conduction band. The width of depletion region increased with reverse pulse voltage to -3V, so the capacitance decreases. As electrons were emitted from trap states, the width of depletion region became slightly smaller and the junction capacitance went back to the previous value of steady state. The traps filling and the emptying process could occur with a junction capacitance changing over time.
Results and discussions
Output I-V characteristics before and after step-stressed on the drain were shown in Figure 2 (a).Onstate drain and off-state drain leakage current increased after applying electrical stressing. When the gate voltage was back to 0, the slope of I D -V D was measured to obtain on-state resistance after each stress step, the ratios of ON-state resistance changes at each stress step were presented in Figure 2 (b). 
Where A is the surface of the Schottky contact, ε is the dielectric constant and e is the elementary charge. Formula (1) The capacitance transient characteristics before and after step-stressed are shown in Figure 5 . The transient change of capacitance ∆C was calculated from a time window of 15ms. Before step-stressed, the value of ∆C was 9.2pF. After step-stressed, ∆C increased to 11.2pF due to the step-stress induced extra traps. The trap density was estimated based on the formula [14] :
Where C 0 is the capacitance value of steady state. The calculated trap density before and after electrical stressing are 1 After applied electrical stressing, a significant degrading of conductive ability and threshold voltage shift negatively were observed. The transient capacitance measurement connected with an increment of deep level defects concentration (ΔN T ~ 0.305×10 15 cm -3 ). These results indicate that the applied stress bias on drain could cause the accumulation of the deep level traps. The drop of drain current was partly related to the increase of ON-state resistance, and the increase of drain leakage was due to the threshold voltage negatively shifting, which weakens the ability of gate to control drain-source current because the gate needs a higher negative bias to turn off the device. The shift of threshold voltage after stressed indicates that the interface state under gate was influenced by electrical stressing. Deep level traps were induced in the near-interface of SiN/AlGaN during electrical stressing, which causes a degradation of ability to gate control and a change in sheet carrier concentration in the channel. Generally, this mechanism is combined with a shift positively of threshold voltage [15, 16] , but in our experiment, threshold shift negatively under stressed. Hot electron degradation is a reliability failure mechanism [17] . When devices are biased at high V DS , due to the high electric field present in the gate-drain region, electrons gain sufficient kinetic energy to overcome a potential barrier necessary to break an interface state, significant hot electron phenomena happen. According to hot electron injection model, the accumulation of traps stimulates gate leakage increasing. Otherwise, high density of defects lowers the carrier mobility and increase the ONresistance. Thus, the conductive ability declines. New generated traps due to the stressed in the AlGaN barrier near the interface release electrons, resulting in the threshold voltage negative shift and an increase in drain resistance. With the increment of applied bias, the hot electron is enhanced, which leads to a higher gate leakage. Thus, the threshold voltage continuously shifts negatively and then causes the degradation of AlGaN/GaN MIS-HEMT device after step stressed.
Conclusion
In summary, traps were located at near-interface of SiN/AlGaN layer and characterized by using a transient capacitance method. The change of trap density before and after step-stressed was quantitatively analyzed. After stressed, ON-resistance increased by 1.7 times, a significant fall of conductive ability and threshold voltage (~1.8V) negative shift were observed. Transient capacitance measurement reflected an increment of deep level defects concentration ΔN T with 0.305×10 15 cm -3 . These results indicate that: a) the stress bias on drain could result in the accumulation of deep level traps. According to hot electron model, the accumulation of traps stimulated gate leakage increasing. Otherwise, high density of defects lowered the carrier mobility and increased the device resistance. Thus, the conductive ability declined. b) New generated traps in the near-interface of SiN/AlGaN layer released electrons, resulting in the negative shift of threshold voltage. With the increment of applied bias, the hot electron injection was enhanced, which led to a large gate leakage. Thus, the threshold voltage continuously shifted negatively.
